Abstract-This paper presents the design method of the CPW-fed slot dipole antenna for one-sided directional ultra wide band (UWB) high band application. By using and controlling the three resonances from the slot and antenna substrate, we can realize the wide band radiation. The tested antenna size is 16 mm x 29 mm.
INTRODUCTION
Ultra wide band (UWB) technology has become the most promising solution for future short-range and high-speed wireless data communication application such as home server and cable less PC system [1] .
In 2002, the Federal Communication Commission (FCC) in United States officially released the regulation for UWB technology [2] . FCC regulated the emission limits for the allocated 7 .5 GHz band unlicensed use of commercial UWB communication devices. However, because interference from the 5 GHz-band wireless LAN (IEEE 802.1 la) systems becomes a serious problem, this band is avoided and it provides low band (3.4 GHz -4.8 GHz) and High band (7.25 GHz -10.25 GHz), respectively, in Japan.
For size reduction of the UWB devices, there are many reports for planar UWB omni directional antennas, for example, planar inverted cone antenna [3] , tapered-slot-fed slot antenna [4] , printed circular disc monopole antenna [5] , and so on. However, the characteristics of the omni directional antennas are remarkably deteriorated if metal blocks like a ground plane of monolithic microwave integrated circuits (MMIC's) or body of a car approach, because of the electro-magnetic interference. So that, UWB antenna, which has one-sided directional is necessary.
The coplanar waveguide (CPW) transmission lines have lower radiation leakage and less dispersion than microstrip lines. Also, they are preferable for MIIC and RFIC (radio frequency integrated circuit) since no via holes are required for integration with devices [6, 7] . Slot antennas with ground plane are suitable for CPW-fed configuration and achieve onesided directional. In our previous works, we designed the CPW-fed slot dipole antenna whose length is one-wavelength with a bandpass filter using CPW lines, which acts as an impedance matching circuit as well [8] [9] [10] .
In this paper, we design the slot antennas with floating metal layer on the bottom side, which have one-sided directivity for UWB high band (7.25 GHz -10.25 GHz) application. By using the three resonances appeared from the slot and substrate, we can realize the wide band radiation. We design and simulated by using the commercial electromagnetic (EM) field simulator (Ansoft; HFSS, ver.10). We also carried out experiments on the UWB antenna by using FR4 printed circuit board. and 3(b) shows the input impedance (Zi,=Ri,+jXi,) and return loss of the standard slot dipole antenna. We can see the resonance of the slot antenna appears at 8.6 GHz, where input impedance matches to 50Q. However, this antenna doesn't satisfy the bandwidth of the UWB high-band. Also, we can see the parallel resonances at around 7.5 GHz and 10.5 GHz, but they do not match to 50Q (See point A and C in Fig. 3 ). If these resonance points can be moved and input impedance matches to 50 Q, the wider bandwidth becomes possible. -100 --that this resonance is caused by the resonance of the slot antenna with feed line. The input impedance moves to 50 Q at resonant frequency when the value of W is adjusted to 1.0 mm. Also, the frequency of point A and C hardly moves even if we executed the above process. Fig. 4 shows the simulated electric field distribution on the slot antenna at 7.75 GHz (point A). This frequency moves from 7.5 GHz to 7.75 GHz when the value of X is adjusted to 29.0 mm. It is thought that this resonance is done by the width (A) of the antenna substrate. The input impedance moves to 50 Q at resonant frequency when the length of the square slot (XI) is adjusted to 5.0 mm. Fig. 5 shows the electric field distribution on the slot antenna at 9.75 GHz (point C). This frequency moves from 10.5 GHz to 9.75 GHz when the value of YJ is adjusted to 7.0 mm. It is thought that this resonant frequency is a resonance that happens between the slot of the antenna and the front edge of the substrate. The input impedance moves to 50 Q at resonant frequency when the value of L is adjusted to 11.5 mm. Also, the resonant frequency and input impedance of point A hardly moves even if we adjust Y and L. Fig. 8 shows the simulated frequency dependence of the +=00 and +=900 element of the electric field E, (See the direction in Fig. 8 ). In each frequency, because the value of E,=O0 is larger than that of Et=90,, it can be said that the polarization of the electric field is almost the same in the UWB high band. Fig. 9 shows the radiation pattern of the UWB slot antenna at different frequencies. The directivity for upward direction is larger than that of lower direction. Fig. 10 shows the frequency dependence of the peak gain at 0=0 (upward) and peak realized gain, respectively. The radiation efficiency is 7000 or more in the UWB high band because of the conductor and dielectric loss. We can see that this UWB antenna has a peak realized gain more than 5 dB in UWB high band. ).5
IV. EXPERIMENTAL RESULTS AND DISCUSSIONS An UWB antenna is fabricated on FR4 substrate by using the print board making equipment (MITS; FP-21T model 40), which has 100 mm-diameter milling cutter. Fig. 11 shows the photographs of the antenna fabrication system, and the UWB fabricated antenna, respectively. In the figure, the close up of the high-frequency milling cutter is also shown. We measured the S-parameters by using a GP-IB controlled vector network analyzer (UP; HP8722C) through MMCX connector which has characteristic impedance=50 Q. 9.25GHzl Figure 9 . Simulated radiation pattern of the UWB slot dipole antenna with ground plane. Fig. 12 and Fig. 13 show the experimental results of the input impedance and return loss of the one-sided directional UWB antenna, respectively. In Fig. 13 , broken line shows the return loss of the EM simulated result. It seems that the bandwidth slightly decreases, however, three-designed frequencies appear and match to almost 50 Q. Also, the real part of input impedance is larger in low frequency region than that of EM simulated results (see Fig. 7 
V. CONCLUSIONS
We studied the design method of the CPW-fed slot dipole antenna with one-sided directional for ultra wide band (UWB) high band application. For realize the one-sided directional, we applied the floating metal layer on the bottom of the antenna substrate. By using and controlling the three resonances from the slot and substrate, we can realize the wide band radiation and impedance matching. The commercial three-dimensional EM simulator simulates RF characteristics. Moreover, this UWB antenna was fabricated and tested, thereby we demonstrated frequency characteristics as expected. The tested antenna size is 16 mm x 29 mm. Now, we measure the communication distance of the UWB test signal by implementing this antenna into commercial system, and this antenna is shown to transmit the UWB pulse. This result will be published elsewhere.
